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Abstract
Hemispatial neglect is one of the most frequent attention disorders after stroke. The presence of neglect is associated with 
longer hospital stays, extended rehabilitation periods, and poorer functional recovery. Transcranial direct current stimula-
tion (tDCS) is a new technique with promising results in neglect rehabilitation; therefore, the objective of this systematic 
review, performed following the PRISMA guidelines, is to evaluate the effectiveness of tDCS on neglect recovery after 
stroke. The search was done in MEDLINE (PubMed), Web of Science, Scopus, Cochrane Library, and BioMed Central 
databases. A total of 311 articles were found; only 11 met the inclusion criteria, including 152 post-stroke patients in total. 
Methodological quality and risk of bias were assessed for all the studies, and methodological characteristics of the studies, 
sample sizes, methods, main results, and other relevant data were extracted. tDCS intervention ranged from one to twenty 
sessions distributed in 1 day to 4 weeks, with intensity ranged from 1 to 2 mA. We found moderate evidence for the efficacy 
of tDCS in the rehabilitation of hemispatial neglect after a stroke, being more effective in combination with other interven-
tions. Nonetheless, the limited number of studies and some studies' design characteristics makes it risky to draw categorical 
conclusions. Since scientific evidence is still scarce, further research is needed to determine the advantage of this treatment 
in acute, sub-acute and chronic stroke patients. Future studies should include larger samples, longer follow-ups, and broader 
neurophysiological assessments, with the final aim of establishing the appropriate use of tDCS as an adjuvant intervention 
in neurorehabilitation settings.

Keywords  Neglect · Non-invasive brain stimulation · Stroke · Transcranial electric stimulation · Transcranial direct current 
stimulation · tDCS

Introduction

Hemispatial neglect is one of the most frequent attention 
disorders after suffering a stroke, reaching an incidence 
between 25 and 50% [22]. Neglect is characterized by the 
difficulty or inability to detect, orient, and respond toward 
stimuli presented in the contralesional hemifield, and even to 
attend or recognize the part of one's own body contralateral 
to the injury [9, 18, 61, 62]. Neglect could include sensory, 
representational, and motor symptoms [10, 62], it can affect 
different frames of references (egocentric, allocentric) [14, 
51], and different ranges of space (personal, peripersonal and 
extrapersonal) [2, 65]. In clinical practice, neglect subtypes 
usually overlap, and patients present mixed symptomatology 
[31]. Neglect is more prevalent and severe after right hemi-
sphere stroke than after left insults [7, 13, 32, 60], with a 
prevalence between 15 and 75% in right damage, and 2–12% 
after left stroke [16].
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Functional implications of neglect are very significant, 
although they vary depending on its severity, causing diffi-
culties in the recovery of the patient’s independence, due to 
the impact on both basic and instrumental activities of daily 
life (i.e., cleaning, dressing, eating, money management, 
public transportation, etc.) [19, 37]. The presence of neglect 
is associated with longer hospital admissions, lower prob-
ability of returning home after hospital discharge, extended 
rehabilitation periods, and higher percentage of falls [15, 16, 
30, 70, 71]. Furthermore, the presence of neglect is related 
to slower and poor functional recovery [13, 36, 37, 39].

Spontaneous recovery of neglect symptoms after stroke 
occurs in the acute and subacute stages in around two thirds 
of patients [38]. However, in approximately 40% of the 
cases, neglect symptoms persist after the first months fol-
lowing the insult [55], becoming chronic in around 35–50% 
of the patients [38], and therefore, imposing an extra burden 
on patient caregivers [13].

Nowadays, the available therapeutic approaches for 
neglect rehabilitation, including prism adaptation, visuos-
patial training, mental imagery therapy, space remapping, 
optokinetic stimulation, trunk rotation, limb activation, 
eye patching, video feedback training, vestibular stimula-
tion, or neck muscle vibration, among others, have limited 
results, since their clinical effectiveness in terms of long-
lasting functional improvement is not clear [3, 24, 48, 73]. 
The persistence of symptomatology and the impact it has on 
patients' independence, make it essential to further inves-
tigate to develop novel treatments that target the underly-
ing dysfunctions of neglect appropriately. In this regard, 

interventions based on non-invasive brain stimulation tech-
niques constitute a promising therapeutic approach.

Non-invasive brain stimulation techniques allow modu-
lating brain activity in a safe and comfortable way. There 
is extensive empirical evidence confirming the capacity of 
these techniques to modulate brain activity, by increasing or 
decreasing the excitability of the cerebral cortex [59], and to 
achieve long-term effects [35]. The most widely used NIBS 
techniques are transcranial direct current stimulation (tDCS) 
and transcranial magnetic stimulation (TMS).

tDCS allows modulation of cortical activity by apply-
ing a low-intensity electrical current (between 1 and 2 mA, 
usually), placing two or more electrodes over the scalp. The 
electrical current flows between the electrodes (i.e., from 
anode to cathode), increasing the cortical excitability below 
the anode, and decreasing it below the cathode. Brain activ-
ity modulation through tDCS is achieved by influencing the 
action potential threshold, making it higher causing it to 
increase (cathodal stimulation) or decrease (anodal stimula-
tion) without reaching an action potential [28].

The use of noninvasive brain stimulation for neglect reha-
bilitation is based on the Interhemispheric Rivalry Model, 
proposed by Kinsbourne in the past century [41–44]. Cer-
ebral hemispheres are, at rest, in constant interaction, exert-
ing a reciprocal inhibitory action through the existing trans-
callosal networks, maintaining a dynamic balance between 
them. According to the rivalry model, unilateral brain 
damage breaks this interhemispheric balance (see Fig. 1b). 
After the damage, the affected hemisphere becomes hypo-
active, and therefore, it is not able to effectively inhibit the 

Fig. 1   Excitatory and inhibitory tDCS protocols for neglect reha-
bilitation. a Dynamic balance between cerebral hemispheres through 
reciprocal excitatory and inhibitory transcallosal action. The right 
hemisphere regulates attention towards both hemi-fields, while the 
left hemisphere only regulates it towards the right hemi-field; that 
explains the higher incidence of neglect after right insults. b Uni-
lateral brain damage breaks the balance: the affected hemisphere 
becomes hypoactive due to the damage, and the intact hemisphere 

becomes pathologically hyperactive. Neglect symptomatology is 
caused by both hypoactivity of the damaged hemisphere and hyperac-
tivity of the intact one. c Excitatory tDCS protocols, aimed at increas-
ing the activity of the damaged hemisphere, and d inhibitory tDCS 
protocols, to reduce the activity in the intact hemisphere. Both pro-
tocols can be applied to restore inter-hemispheric balance, and thus, 
alleviate neglect symptoms
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preserved hemisphere, making it hyperactive. This results in 
(a) pathological hyperactivity of the intact hemisphere (due 
to the absence of inhibition exerted over it by the damaged 
hemisphere), and (b) hypoactivity of the affected hemisphere 
because of the damage and the greater inhibition exerted on 
it by the intact hemisphere. Thus, the underlying dysfunction 
of neglect is both hypoactivity of the damaged hemisphere 
and pathological hyperactivity of the intact one. Based on 
this model, excitatory (aimed at increasing the activity of the 
damaged hemisphere) and inhibitory (to reduce the activ-
ity in the intact hemisphere) tDCS protocols are applied to 
restore the interhemispheric balance (see Fig. 1c, d).

Some studies have proven that tDCS can be an effective 
technique as a complementary therapeutic approach to more 
conventional treatments after stroke [21], showing prom-
ising results in the rehabilitation of visuospatial neglect 
(e.g., [5, 47, 74]). Here we performed a systematic review 
to gather the up-to-date evidence of the potential of tDCS 
as a novel intervention approach for neglect recovery after 
stroke, either in isolation or as an adjuvant approach to other 
treatments.

Materials and methods

This systematic review was performed according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines [53].

The protocol was registered at the International Prospec-
tive Register of Systematic Reviews (PROSPERO), on 31 
July 2021, under identification number CRD42021255703, 
and can be accessed online (https://​www.​crd.​york.​ac.​uk/​
prosp​ero/​displ​ay_​record.​php?​ID=​CRD42​02125​5703).

Identification and selection of studies

A systematic search in electronic databases (up to January 
2021) including MEDLINE (accessed through PubMed), 
SCOPUS, Cochrane Central Register of Controlled Trials 
(Cochrane CENTRAL), and BioMedCentral was performed. 
In addition, we hand-searched the references of included 
studies to identify other relevant research. We also tried to 
identify unpublished studies or ongoing trials by searching 
clinical trial registries (ClinicalTrials.gov). The complete 
search strategy can be consulted in Supplementary material.

After removing duplicates, two reviewers (NSR and 
BGR), separately and independently, reviewed the titles 
and abstracts of the identified studies, and duplicates were 
eliminated. For the study selection, we included randomized 
controlled trials, crossover trials, and single case studies 
focused on determining the effects of tDCS as a treatment of 
hemineglect secondary to stroke, combined or not with other 
therapies. Disagreements were resolved by consensus or by 

a third reviewer (EMM). Once the final set of studies was 
selected, the same authors independently extracted the rel-
evant data: methodological characteristics of the studies, the 
number of participants, comparison groups, interventions, 
and results, using standardized spreadsheets. Disagreements 
on data extracted were resolved by consensus or by a third 
reviewer (EMM).

Eligibility criteria

Only articles in English or Spanish, and published in peer-
review journals were included. The articles were selected 
based on the research question, elaborated following the 
PICOS model: (1) Patients with hemispatial neglect, with or 
without comorbidities. When the studies included data about 
multiple neurological conditions, only the results related to 
neglect were considered. (2) Study type: experimental stud-
ies, pilot studies and case reports. (3) Intervention: inter-
ventions studying the effect of tDCS in the rehabilitation 
of neglect, alone or combined with other techniques. (4) 
Population: adults with neglect.

Risk of bias and methodological quality assessment

Methodological quality and risk of bias were assessed for 
all the studies. To evaluate the risk of bias, the two review-
ers independently assessed each study using the Cochrane 
Collaboration’s tool [33]. This tool includes five domains: 
selection bias, performance bias, detection bias, attrition 
bias, and reporting bias. Each item is classified as a low 
(green), unclear (yellow), or high (red) risk of material bias.

The assessment of the methodological quality of the tri-
als was carried out using the PEDro scale (www.​pedro.​org.​
au). This scale is made up of 11 items. Each item (except 
item 1, which relates to the external validity of the test), 
contributes 1 point to the total score, in a range of 0–10 [49]. 
In addition, studies were classified as follows regarding their 
methodological quality (see Ref. [23]: scores 9 or 10 = excel-
lent, 6–8 = good; 4 or 5 = fair; < 4 = poor.

All the items of PEDro scale and Cochrane Collabo-
ration’s tool were assessed by two reviewers indepen-
dently (N.S.R and B.G.R.). One discrepancy appeared in 
the Cochrane tool, and it was discussed, including a third 
reviewer (E.M.M.) guiding the discussion, until reaching 
100% agreement.

Results

From a total of 311 studies initially identified, only eleven 
were considered for a qualitative synthesis (Fig. 2).

https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021255703
https://www.crd.york.ac.uk/prospero/display_record.php?ID=CRD42021255703
http://www.pedro.org.au
http://www.pedro.org.au
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Selection process and data extraction

The combined search of Web of Science, MEDLINE 
(PubMed), Scopus, Cochrane Library, and BioMed Cen-
tral provided a total of 311 documents. The search strat-
egy is included in the Supplementary material. An arti-
cle identified through other sources was also included. 
After discarding duplicates, 178 documents remained. 
Of these, 166 records were excluded after reviewing the 
abstract, because they did not meet the inclusion criteria. 
The main reasons for exclusion were: having recruited 
a clinical sample without neglect, not being an experi-
mental or case report article (being protocols, reviews, 
book chapters, etc.), not using tDCS. Most of the papers 
excluded satisfied more than one exclusion criteria, and 
none were excluded for not being written in English or 

Spanish. Although 12 articles made it to the eligibility 
phase, we had to discard one of them for being a feasibil-
ity trial with no analysis of the results. Studies relevant 
to the topic but not published in peer-reviewed journals, 
such as conference posters and abstracts, were not consid-
ered. Ultimately, a total of 11 studies were included in the 
review (see flow diagram in Fig. 2).

Synthesis of results

Since there is much information extracted from the studies 
included in the review, the authors provide a different table 
for each section in Supplementary material (Tables S1–S4) 
and a comprehensive summary table with the main studies 
data at the end of the article (Table 3).

Fig. 2   Study selection diagram flow
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Study goals, design, and methodology

The studies can be grouped into three major categories: (a) 
studies focused on assessing the efficacy of tDCS in neglect 
recovery in isolation (four studies), (b) efficacy of tDCS in 
combination with other specific neglect intervention (four 
studies), and (c) tDCS and conventional treatment jointly 
(three studies).

The articles reviewed included four parallel and seven 
crossover studies. Three were case reports, while eight used 
groups of patients. Regarding the randomization, six were 
randomized, and five were either not randomized or it was 
not specified by the authors. Six studies were double-blind, 
and five were not blind, or it was not specified.

Four studies used a control group, while seven used 
within-subject measures. In eight cases, sham was used as 
control; one study combined two different controls, sham 
and prism adaptation alone, and two studies used the stand-
ard treatment alone as control.

Risk of bias and methodological quality

The risk of bias in the studies included in our review can 
be found in Table  1 (detailed information) and Fig.  3 
(summary).

The selection bias reflected a great divergence between 
the studies. Six studies (54.5%) were classified as low risk, 
while five (45.5%) were considered high risk in Random 
sequence generation. In Allocation concealment, the differ-
ences are more significant, with three studies (27.2%) con-
sidered low risk, four (36.4%) assessed as unclear, and four 
(36.4%) classified as high risk. Regarding the performance 
bias (blinding of participants and personnel), six studies 
were assessed as low risk (54.5%), and five (45.5%) were 
considered high risk. In the detection bias (blinding of out-
come assessment), we included five studies (45.5%) under 
the low-risk tag, two were classified as unclear (18.2%), 
and four (36.4%) were considered high risk. Most of the 
studies showed a low risk of bias regarding Attrition bias 

Table 1   Risk of bias of the studies included in the systematic review

Random sequence 

generation (selection 

bias)

Allocation 

concealment 

(selection bias)

Blinding of 

participants  
personnel 

(performance bias)

Blinding of outcome 

assessment 

(detection bias)

Incomplete outcome 
data (attrition bias)

Selective reporting 
(reporting bias)

Turgut et al. [70]

Bornheim et al. [11]

O'Shea et al. [58]

Yi et al. [76]

Bang et al. [5]

Smit et al. [66]

Làdavas et al. [48]

Brem et al. [12]

Sunwoo et al. [69]

Sparing et al. [68]

Ko et al. [47]

and

Fig. 3   Risk of bias summary (percentage)



6315Journal of Neurology (2022) 269:6310–6329	

1 3

(incomplete outcome data), with 90.9% of the studies classi-
fied as low risk, and 9.1% considered high risk, and Report-
ing bias (selective reporting), with a 72.7% of low-risk stud-
ies, an 18.2% unclear risk, and a 9.1% high-risk studies.

The assessment of every item as well as total score and 
quality classification are shown in Table 2. The quality of 
the studies appeared to vary significantly and none of them 
achieved excellence. Only one study was classified as poor, 
two as fair, and the rest (8 studies) as good.

Participants’ characteristics

Main data regarding participants’ characteristics, including 
sociodemographic variables and clinical characteristics, can 
be found in Table 3.

A total of 152 patients were included in all the studies, 
with sample sizes from 1 to 32. Three studies included 
30–32 patients, four studies included 10–15, and four stud-
ies are case reports.

The mean age of the participants was 65.74 years, being 
61 women and 91 men. The mean time elapsed after the 
injury ranged from 48 h to 12.4 years after the stroke. All the 
studies included post-stroke patients: one study included par-
ticipants in acute phase (48 h after the event), seven in sub-
acute phase (from 20 days to 3.3 months after the stroke), 
three in chronic phase (between 1 year and 12.4 years), and 
one study did not specify. In ten studies the participants had 
right lesions, and one included participants with lesions in 
both hemispheres.

Regarding the type of stroke, four studies included par-
ticipants with a diagnosis of ischemic or hemorrhagic stroke, 
while seven studies did not specify the etiology. In six stud-
ies the anatomical location of the lesion was not specified. 
In the remaining five, different locations are included in the 
same study (see Table S1 in Supplementary material).

In all studies the diagnosis of neglect was the main cri-
teria for inclusion. However, in six studies it was clearly 
specified how neglect was assessed and the cutoff point to 
be included in the sample, while in five studies it was not 
reported. Regarding the exclusion criteria, in seven studies 
they were clearly specified, while in four they were not.

tDCS intervention characteristics

Detailed data of the included studies regarding tDCS inter-
vention protocols can be found in Table S2 (Supplemen-
tary material). This table includes whether the stimulation 
was unilateral or bilateral, the electrodes' position and size, 
the intensity and density of the applied current, the number 
and duration of session and complete intervention, tDCS 
devices, and other treatments applied. Ta
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Unilateral vs. bilateral and location (electrodes 
position)

In relation to the type of tDCS used, in four studies a dual 
stimulation (both hemispheres) was performed, while six 
studies used single stimulation (one hemisphere), and 
one study combined both types of stimulation (single 
and dual).

Regarding the location of the electrodes, in most stud-
ies (nine) the stimulation was applied over the posterior 
parietal cortex (PPC), while in two studies it was applied 
to the primary motor cortex (M1).

In the PPC studies, eight of them applied anodal tDCS 
in the ipsilesional hemisphere, placing the anode over P4 
(six studies), P3 (one study), or P6 (one study). Five stud-
ies stimulated the contralesional PPC placing the cathode 
over P3 (three studies), P4 (one study), or P5 (one study). 
Four studies included different locations with groups or 
sub-experiments involving ipsilesional and contralesional 
tDCS but in single, not dual, stimulation. In single tDCS 
PPC studies, the reference electrode was positioned in the 
contralateral supraorbital area in four studies, and on Cz 
in two studies. One study did not specify the reference 
electrode position.

In the M1 studies, one of them positioned the anode at 
C4 and the cathode at FP1 (dual tDCS), while in the other 
study the anode was placed in the M1 and the reference 
electrode in the supraorbital area (single tDCS).

A total of five studies carried out dual stimulation, in 
four of them the electrodes were placed in PPC (anode 
in P4 and the cathode in P3), while in just one study the 
target area was M1, with the anode placed at C4 and the 
cathode at FP1.

Intensity, electrode size, and density

Regarding the intensity of the applied stimulation, in five 
studies the stimulation was 2 mA and in another five stud-
ies it was 1 mA. In one study, the applied intensity ranged 
from 1.5 to 2 mA, depending on whether 2.0 mA caused 
skin irritation.

In relation to the size of the electrode, in four studies 
the electrode size was 7 × 5 = 35 cm2, while in 5 studies 
the size of the electrode was 5 × 5 = 25 cm2. In two stud-
ies, no reference was made to the size of the electrode 
used.

Concerning density, in two studies it was impossible to 
calculate, since the size of the electrodes was not speci-
fied. In the remaining nine, the applied current density was 
between 0.28 A/m2 and 0.8 A/m2: 0.8 A/m2 (3 studies), 
0.4 A/m2 (3 studies), 0.28 A/m2 (2 studies), and 0.57 A/
m2 (1 study).

Number and duration of each session and treatment

Regarding the number of tDCS sessions, in four studies, one 
or two sessions were carried out; in four studies, between 
five and 10 sessions were applied; in two studies, 15 ses-
sions were carried out; and in one study the intervention 
included 20 sessions. In relation to the treatment duration, 
it ranged from 1 to more than 4 weeks (1 week/5 days, one 
study; 2 weeks, two studies; 3 weeks two studies; and more 
than 4 weeks, two studies). There were also four studies that 
did single sessions.

The majority of the studies (nine studies) applied the 
stimulation for 20 min, while the duration of the tDCS stim-
ulation was 10 min in one study and 30 min in another one.

tDCS alone vs. combined

A total of four studies applied tDCS in isolation; in another 
four, tDCS was applied with another specific intervention 
aimed at neglect rehabilitation, such as optokinetic task (one 
study), prism adaptation (two studies), and feedback training 
(one study). Finally, in three studies, tDCS was applied in 
combination with a conventional and more general treat-
ment, such as physical therapy, occupational therapy, neu-
ropsychology, or music therapy.

tDCS device

In four studies, the NeuroConn DC-Stimulator (Ilmenau, 
Germany) was used, in another four, the device was the 
Phoresor II Auto Model PM850 (IOMED Inc., Salt Lake 
City, UT, USA). Only one study used the Standard TCS 
Starstim (Neuroelectrics, Spain), and another one used the 
DC-stimulator (Magstim, United Kingdom). In one study, 
the device employed to apply tDCS was not specified.

Outcome measures and reported results

The complete list of the tests and tasks used to assess out-
come measures can be found in Table S3 (Supplementary 
material). Detailed data of the included studies regarding 
outcome measures, times of assessment, and adverse effects 
assessment, can be found in Table S4. Given the disparity of 
the study designs (crossover vs. parallel, different kinds of 
control), the characteristics of the interventions (duration, 
combination with other techniques), and the limited sample 
size of most of them, we have not been able to make a quan-
titative summary of the effects. Nonetheless, we have made 
a thorough analysis of the results of each assessment in the 
different studies to make systematic qualitative comparisons 
between them.

Two studies used the conventional Behavioural Inatten-
tion Test (BIT), and the other nine used at least one task 
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from this battery. All the studies used the Line Bisection 
Test, and a cancellation task (four used the Star Cancella-
tion Test, and seven studies used other cancellation tasks). 
Most studies included copy or representational drawing 
tasks. Specifically, two studies used copy drawing, and one 
applied the Clock Drawing Test. Finally, the Motor-Free 
Visual Perception Test (MVPT) was used in two studies.

Most studies did not report measures relating to every-
day life activities and functional performance. Only three 
studies reported them using the Barthel Index of Activities 
of Daily Living, and two applied the Catherine Bergego 
Scale (CBS). To examine basic motor skills, one study 
used the Functional Ambulation Classification (FAC), and 
another study included an assessment of body orientation 
on the wheelchair, as well as eye, head and trunk orienta-
tion with and without cueing.

Moreover, eighteen other tests or tasks (different from 
the ones mentioned), evaluating one of the domains men-
tioned above, were applied in the different studies.

Pre- and post-treatment evaluations were carried out in 
all studies. Nine performed only pre- and post-intervention 
assessments, and three were follow-up studies. No sig-
nificant adverse effects were reported in any case, but 4 
studies do not report the evaluation of the adverse effects.

Regarding reported results, only one study (with a very 
limited and chronic sample, n = 5; [64] has not found posi-
tive results in any neglect assessment test. The rest showed 
significant greater cognitive and/or functional improve-
ments in tDCS groups compared to control groups, in 
acute, post-acute, and chronic patients in, at least, one out-
come measure (e.g., line bisection task, cancellation task, 
Barthel Index…). Line bisection and cancellation tests are 
the most common outcome measures, since all the stud-
ies applied a bisection task, and all, except two, applied a 
cancellation task. Nine studies found improvement in line 
bisection (two did not, [64, 68], eight and five sessions, 
respectively), while improvement in cancellation task was 
found only in five studies out of the nine which assessed it.

Due to the variability in the sample sizes, studies 
designs, treatment characteristics, and assessment methods 
it is not possible to establish the best tDCS-based interven-
tion for neglect rehabilitation, being effectives both ipsile-
sional a-tDCS and contralesional c-tDCS applications. The 
only thing that seems clear is that tDCS in combination 
with other interventions focused on neglect rehabilitation 
(e.g., prism adaptation, optokinetic intervention, feedback 
training…) is more effective than standard intervention 
applied alone, as shown in all the combined intervention 
studies (i.e., [5, 11, 12, 47, 57, 68, 74]).

Discussion

This systematic review aimed to evaluate current evi-
dence about the efficacy of tDCS as a rehabilitation tool 
for neglect following a stroke. Eleven studies were included 
in the review, with a total of 152 patients. Taken together, 
the results showed that tDCS, used alone or combined with 
conventional or specific neglect interventions, can improve 
neglect symptomatology by reducing the visuospatial 
impairments and ameliorating the deficits related to every-
day life activities and functional performance. Nonetheless, 
the studies reviewed are heterogeneous regarding aspects, 
such as the number of participants, time since stroke, and 
study design and methodology. Despite these issues, the 
therapeutic value of this neuromodulation technique seems 
very promising, but more research is needed for tDCS to be 
included in regular neurorehabilitation plans.

Risk of bias and methodological quality

The risk of bias assessment revealed that most studies had 
various biases, with selection bias (sequence generation and 
allocation concealment) being the most common. Many 
studies failed to design a randomized, blinded study, which 
could have led to biased results. However, we did not detect 
attempts to manipulate the impact of the research by report-
ing incomplete outcome data or selecting specific outcomes.

Concerning the methodological quality, the PEDro scores 
showed that most of the studies included in the review 
achieved a good level of quality. However, none reached 
excellence, and one was classified as poor. The main prob-
lems detected were the lack of concealed allocation and 
the lack of blinding of the therapist and the assessor, even 
when the studies were not a case report, which may lead to 
biased treatment outcome estimates. This fact is particularly 
odd, since the patient blinding is common, but it could be 
explained by a lack of human resources.

As a result, we can conclude that the risk of bias and 
methodological quality of the studies analyzed is good 
enough to take the results into account. Nevertheless, the 
same biases and missing methodological quality factors 
repeatedly appear among studies. Hence, some results could 
unintentionally be slightly misleading.

Study goals, design, and methodology

Many differences have been detected between studies regard-
ing the control condition and the number of tDCS sessions. 
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While four studies included a control group, the rest used 
within-subject measures. On the other hand, only four stud-
ies conducted 10 or more sessions, with a maximum of 20, 
and also only 4 studies conducted a follow-up evaluation 
regarding the long-term maintenance of changes, reporting 
a maintenance of the improvements obtained after the tDCS 
intervention. Finally, the sample size is very limited in most 
of the studies. Therefore, this results in very heterogeneous 
data that becomes difficult to compare and analyze.

The low number of subjects included in the studies is 
particularly relevant among all the factors influencing the 
results. Only three of them had 30 or more participants, with 
a maximum sample of 32 subjects. The lack of large samples 
seems to be a recurrent matter in the field of noninvasive 
brain stimulation, which should raise some concerns not 
only regarding the use of tDCS in neglect rehabilitation but 
also in a more general context. Small samples, or insufficient 
number of participants lead to low statistical power that may 
imply missing the real effect of the tDCS intervention due to 
false negative results.

It is also necessary to consider that only 6 studies clearly 
described the methods used to determine some inclusion 
criteria objectively; thus, some data cannot be compared and 
the replicability of some studies becomes harder to achieve.

On the other hand, the results showed that the treatment’s 
benefits can be sustained for short/medium periods of time 
[12, 57]. However, only two studies assess the sustained 
effect (3 month follow-up or more),thus, longer follow-up 
evaluations are needed to be able to analyze the long-term 
maintenance of the improvements or determine if additional 
periodical stimulation sessions are needed to increase the 
maintenance of the obtained benefits in the short-term.

Patients’ characteristics

The majority of the patients were in the sub-acute phase, 
although patients in chronic phase (3 studies) and acute 
phase (1 study) were also included. Of all the studies, only 
one with patients in chronic phase did not provide evidence 
of improvement after the intervention. However, this can-
not be explained alone by the chronicity of the pathology, 
since two other studies also included chronic patients and 
showed positive outcomes. Therefore, other factors, such as 
the study design and the intervention characteristics, must 
have affected the results.

The studies seemed to include both participants who had 
suffered ischemic and hemorrhagic strokes, although most 
of the researchers (7 studies) failed to report the etiology 
of the stroke. In addition, only 3 studies stated the lesion's 
anatomical location, including the middle cerebral artery 
(13 patients), the basal ganglia (5 patients), and the pos-
terior cerebral artery (8 patients). Once again, the lack of 

information becomes a barrier to achieving a comprehensive 
understanding of the data obtained. Since this information 
is available in the patients' clinical record, in the majority 
of cases, researchers must ensure they report it in scientific 
articles to make comparison and generalization possible.

Concerning the demographic characteristics, 8 stud-
ies included more men than women or included only men, 
resulting in a greater number of men studied. Kleinman et al. 
already established in 2007 that there were no prevalence 
or severity differences in hemispatial neglect after stroke 
between men and women [45]. Nevertheless, both genders 
should be included equitably in the studies to compensate 
for such differences and avoid biased results. Hence, we can 
conclude that there is still a tendency not to enroll enough 
women in clinical studies. Although we do not believe that 
researchers do it intentionally, an effort should be made to 
recruit more women.

On the other hand, the mean age of the participants was 
65.74 years, which seems consequent with the fact that more 
men than women were included in the studies, since men 
usually have strokes at younger ages than women, and they 
are more fatal in women. Consequently, the women included 
in the studies were younger compared to the average age of 
stroke in women and contributed to lower the average age.

Intervention characteristics

The studies with positive outcomes used unilateral or bilat-
eral stimulation and were performed either over the PPC or 
the M1. tDCS on the PPC was the most widely used stimu-
lation protocol and showed improvement of the symptoms 
when applied as cathodal on the undamaged hemisphere and 
anodal on the ipsilesional hemisphere. Thus, the results were 
consistent with the Interhemispheric Rivalry Model previ-
ously explained. This data is also consistent with the sys-
tematic review conducted by Fisher et al. [26], in which the 
authors found that proprioceptive alterations were present 
in various subtypes of neglect, and concluded that neglect 
resulted from impaired functional connectivity between 
regions of the brain associated with attention, sensorimotor 
and visual processes. Proprioceptive functions were related 
to the premotor areas and prefrontal regions of the cerebral 
cortex. Then, it seems easy to connect an improvement in 
the functioning of these regions with an improvement in the 
symptoms of neglect.

Regarding the combination of different interventions in 
the neurorehabilitation process, tDCS was mainly applied 
in combination with either conventional therapy (physical 
or cognitive) or other specific neglect treatments (i.e., opto-
kinetic intervention, prism adaptation, feedback training), 
obtaining significantly greater improvement compared to 
the efficacy of conventional or specific neglect therapy in 
isolation (i.e., [5, 11, 12, 47, 68, 74]). Thus, it seems that 
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the combination of tDCS with other therapeutic approaches 
generates a synergistic effect that enhances the benefits of 
more conventional interventions when applied in isolation.

Regarding the experimental conditions, more than half of 
the studies (6) only performed single stimulation in the PPC 
or M1; the rest used dual tDCS (4) or a combination of both 
(1 study). Dual tDCS was performed by applying anodal 
stimulation in the lesioned hemisphere and cathodal over 
the non-lesioned hemisphere. Both types of studies (single 
and dual) obtained promising data with positive outcomes. 
Sunwoo et al. [67] was the only study that combined the 
two conditions and obtained better results with dual than 
single tDCS. Thus, despite the heterogeneity between stud-
ies and the difficulty of comparing them, results suggest that 
dual tDCS have a stronger effect than single tDCS in neglect 
rehabilitation.

Differences were found in other aspects related to the 
intervention characteristics, such as intensity of the stimula-
tion (1 mA, 1.5 mA or 2 mA), size of the electrodes (25 cm2 
or 35 cm2), and current density (between 0.28A/m2 and 
0.8A/mm2). In addition, not all the researchers reported the 
size of the electrodes, making it impossible to determine 
the density of the applied current, an essential aspect in 
the determination of the tDCS effect (e.g., [6]. Therefore, 
such differences increase the difficulty of comparing results 
between studies and reaching reliable conclusions.

The duration of the stimulation was one of the more con-
sistent parameters among the studies. The most common 
duration of the stimulation was 20 min, with only two excep-
tions, in which it was applied during 10 and 30 min. Con-
versely, more variability was detected regarding the number 
of sessions. The studies carried out between 1 and 20 ses-
sions, being more frequent to conduct less than 10 sessions. 
Although it was impossible to establish a pattern, since the 
variability was too wide, more prolonged multisession inter-
ventions (10 sessions or more) reach more frequently signifi-
cant results compared to short interventions (8 sessions or 
less). Furthermore, the complete duration of the treatment 
was very heterogeneous again, with some studies conducting 
1 single session and others lasting weeks, with a maximum 
time frame of 4 weeks.

Finally, to our knowledge, no research has been under-
taken yet using high definition tDCS, and this fact needs to 
be addressed to increase the knowledge of the real potential 
of tDCS in neglect rehabilitation.

Outcome measures

Although all the studies used neuropsychological tests as 
outcome measures, we identified wide variability in the type 
of tests used in each research. The most common task used 
was the line bisection task, which could indicate that this 
task is perceived as the best measure, with high sensitivity 

for assessing and detecting changes in neglect symptoms, 
or that its use can facilitate the comparison between studies. 
Therefore, any study focused on deepening the knowledge 
of neglect and its recovery should include this task as an 
outcome measure. Most of the other tasks used should be 
analyzed to determine their sensitivity to measure the treat-
ment’s efficacy, since the studies could not always report 
differences pre-/post-treatment, and it could be due to the 
insufficient sensitivity of the tests and tasks employed as 
outcome measures.

Another aspect that needs to be highlighted is the absence 
in most studies of functional scales to evaluate the disorder’s 
repercussions on everyday life activities, and the improve-
ment in performance after the intervention. This fact is 
extremely important, since the final goal of any neuroreha-
bilitation process is to improve the functional independence 
of the patients and to increase the quality of life of patients, 
relatives, and caregivers.

Finally, egocentric or allocentric benefits of tDCS should 
be studied, since their application in different areas could 
affect the different frames of reference. For example, it is 
possible that M1 might be better for the egocentric frame 
and PPC for the allocentric.

Study limitations

The main limitations in this review are the limited number of 
studies included, their heterogeneity in terms of methodol-
ogy and clinically relevant factors, and the possibility that 
only studies with positive results were published. In addi-
tion, some studies do not properly define nor report some 
essential methodological and clinical aspects, which hinder 
the generalization of the conclusions.

Across the studies, the most common limitation is the 
reduced sample size. In addition, the studies differ in the out-
come measures employed, and none have sufficiently long 
follow-up assessments to measure the long-term benefits of 
tDCS treatment. Moreover, all studies used conventional 
bipolar electrodes, which implies less focal stimulation. 
None of the studies used high-definition or multi-site tDCS, 
which could improve the precision of the stimulation, direct-
ing the stimulation to a brain area in a more specific way, 
which could improve rehabilitation outcomes.

Another constraint for extracting conclusions is the appli-
cation of tDCS in combination with another type of inter-
vention without an appropriate control group only receiv-
ing tDCS. In some studies, it was impossible to attribute 
the improvement to the application of tDCS, to the other 
types of treatments also applied, or to the combination of 
both. It could be advantageous to have more studies, where 
the application of tDCS could be compared in isolation and 
together with other types of treatments in homogeneous 
groups, to be able to analyze the potential for this technique 
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in improving the symptoms of neglect. However, ethical 
issues come into play, since no patient should be restricted 
from a treatment whose efficacy has already been proven, 
such as some specific approaches for neglect rehabilitation, 
such as prism adaptation. Thus, research must be focused 
on the efficacy of combined intervention (tDCS + other) in 
comparison to other proven interventions without tDCS, to 
find out if there is a synergistic effect that boosts the reha-
bilitation outcomes.

The heterogeneity of the samples, in terms of clinical 
characteristics, makes it very difficult to compare the effect 
of tDCS between patients, due to intragroup variability. For 
example, we can find cortical and subcortical lesions, hem-
orrhagic and ischemic lesions, different time of evolution 
since the injury, different degrees of initial severity of the 
neglect symptoms, as well as different subtypes of neglect. 
All of this makes it necessary to select larger and more 
homogeneous samples to extract powerful and generaliz-
able conclusions.

Finally, a crucial aspect that also needs to be addressed 
before tDCS can be recommended for neglect is the publica-
tion bias. The fact that most studies with negative results are 
not published makes it very difficult to determine the real 
potential of the intervention, since we cannot establish how 
many studies have failed to find significant results. Since the 
publication bias is deeply rooted in the scientific culture due 
to many factors from the publication policies to the “publish 
or perish” imperative in the academic career pursuit, there 
is not a straightforward solution. Nonetheless, one way to 
reduce the publication bias is the trial registration [1] and the 
publication of registered reports [56]. Both methods allow 
researchers to publish their study protocols before conduct-
ing the research and even having them reviewed. Thus, the 
results of the studies will be published whether they are sta-
tistically significant or not. We encourage all researchers 
to adopt these practices to promote a more transparent and 
useful scientific knowledge.

Conclusions

This review found moderate evidence for the efficacy of 
tDCS in the rehabilitation of hemispatial neglect after a 
stroke. The results obtained in the studies show that tDCS 
could be a successful adjuvant therapeutic modality to 
recover neglect symptomatology, with dual stimulation 
being more effective. However, the limited number of stud-
ies and some studies' design characteristics makes it impos-
sible to draw categorical conclusions at this point.

We are certain that further research is needed to maxi-
mize the level of benefit in acute, sub-acute, and chronic 
stroke patients, including longer follow-ups and neurophysi-
ological measures. In addition, to consolidate non-invasive 

neuromodulation techniques as therapeutic techniques, 
it is imperative that a higher level of evidence regarding 
their efficacy is achieved, by starting to carry out carefully 
designed studies with larger samples in the immediate 
future, with the ultimate aim of including tDCS as another 
useful therapeutical tool, normalizing the use of tDCS in 
neurorehabilitation settings.

Finally, although this systematic review only examines 
stroke patients with symptoms of neglect, our recommen-
dations for improving study methodology and reporting of 
results are relevant to all fields using transcranial electri-
cal stimulation techniques, including tDCS, and should be 
considered in research with both clinical populations and 
healthy controls.
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